Background Laparoscopic pancreatoduodenectomy is a highly challenging procedure. The aim of this study was to analyse post-operative morbidity and mortality as well as long term overall survival in patients undergoing hybrid LPD, as compared to open pancreaticoduodenecomy (OPD) in a single surgeon series.
Methods Patients undergoing pancreatoduodenectomy (PD) in the period from 2000 to 2015 were identified from a prospectively maintained database. All LPD procedures were performed by one specialised pancreatic surgeon (TK). Patients were matched 1 : 1 for age, sex, BMI, ASA, histological diagnosis, pancreatic texture and portal venous resection (PVR). All LPD procedures were performed as hybrid LPD -combining laparoscopic resection and open reconstruction via mini laparotomy.
Results A total of 549 patients were identified, including 489 patients in the OPD group and 60 patients in the LPD group. 60 patients were identified who underwent LPD between 2010 and 2015 versus 60 OPD patients operated in the same period. Median overall operation time was shorter in the LPD group than with OPD patients (LPD 352 vs. OPD 397 min; p = 0.002). Overall transfusion units were lower in the LPD group (LPD range 0-4 vs. OPD range 0-11; p = 0.032). Intensive care unit stay (LPD 1 vs. OPD 6 d; p = 0.008) and overall hospital stay (OHS: LPD 14 vs. OPD 18 d; p = 0.012) were shorter in the LPD groups than in the OPD group. As regards postoperative complications, LPD was associated with reduced rates of clinically relevant grade B/C postoperative pancreatic fistula (LPD 15 vs. OPD 36 %; p = 0.036) and grade B/C delayed gastric emptying (LPD 8 vs. OPD 20 %; p = 0.049). A total of 56 patients were diagnosed with malignant disease. The number of harvested lymph nodes and R0-resection rates were equal for LPD and OPD patients. LPD patients showed a trend to improved median overall survival (LPD mean 56 months vs. OPD mean 48 months; p = 0.056).
Perioperative and Long-term Oncological Results of Minimally Invasive Pancreatoduodenectomy as Hybrid Technique -A Matched Pair Analysis of 120 Cases
Perioperative und onkologische Langzeitergebnisse nach minimalinvasiver Pankreatoduodenektomie in Hybridtechnikeine Matched-Pair-Analyse von 120 Fällen
Introduction
Minimal invasive techniques are emerging in abdominal surgery. As a rationale, laparoscopic approaches are associated with reduced postoperative morbidity, faster recovery, and a shorter overall hospital stay [1, 2] . The role of minimally invasive resections in pancreatic surgery remains an issue of debate [3, 4] . Laparoscopic pancreatoduodenectomy (LPD) is a sophisticated procedure performed by a few mainly high-volume centers worldwide. A recent analysis of the National Cancer Database (NCDB), including 4421 pancreatoduodenectomy (PD) patients, demonstrated that only 9 % of patients were undergoing LPD [5] .
The first LPD procedure was reported in 1994 by Gagner and Pomp [6] . In the past years, several alternative minimally invasive PD techniques were described. Currently, the most frequently applied techniques include the totally laparoscopic PD (TLPD), the robot-assisted approach (RAPD), and the hybrid resection, combining laparoscopic resection consecutively followed by a minilaparotomy for specimen extraction and open reconstruction [7, 8] . Recent meta-analyses demonstrate the beneficial effects of LPD procedures regarding short-term postoperative outcome. De Rooij et al. and Correa-Gallego et al. found a prolonged operation time, reduced blood loss, and a shorter overall hospital stay in patients undergoing LPD compared to open pancreatoduodenectomy (OPD) [8, 9] . No randomized controlled trials comparing LPD and OPD are available to date. Most studies evaluating LPD include patients with small, mainly benign, lesions [9] . Consequently, only a few studies regarding oncologic safety and long-term outcome of LPD are available. Recent single-center analyses found equivalent long-term overall survival rates in patients undergoing LPD compared to OPD [10, 11] .
RAPD procedures and TLPD are well-characterized by several retrospective and registry studies, whereas data regarding hybrid PD remain rare and the studies currently available present conflicting results [12 -14] . The aim of this study was to assess postoperative morbidity and mortality as well as long-term overall survival in patients undergoing hybrid LPD compared to standard OPD.
Methods
Patients undergoing PD in the period from 2000 to 2015 were identified from a prospectively maintained database. The retrospective analysis was approved by the ethics review committee of the University of Luebeck following the German guideline of ethics approval by the German National Medical Association. The data of 80 patients included in this analysis were already published in a recent study evaluating the early results and technical aspects of hybrid LPD [14] . For the current study, the patient cohort was enlarged by 40 patients, and we present long-term oncologic results. A histopathological workup was performed according to a standardized protocol, and was retrospectively con- firmed by a pathologist blinded to all clinical and histological data. Baseline parameters included age, sex, body mass index (BMI), and American Society of Anesthesiologists (ASA) score. The pathologic tumor stage was defined according to the AJCC (American Joint Commitee on Cancer). Overall operation time and overall transfusion units were reevaluated in all patients. Short-term outcome parameters included overall hospital stay (OHS), intensive care unit stay (ICU), and postoperative morbidity. Complications were recorded following the Clavien-Dindo classification (CDC) system. Pancreatic fistulae (POPF), delayed gastric emptying (DGE), and postpancreatectomy hemorrhage (PPH) were defined according to the International Study Group of Pancreatic Surgery (ISGPS) definitions [15 -17] . Prospensity score matching was performed, and patients were matched 1 : 1 for age, sex, BMI, ASA, histological diagnosis, pancreatic texture, and portal venous resection (PVR) using SPSS software. An LPD was performed using the hybrid technique involving laparoscopic resection and open reconstruction via minilaparotomy, as previously described [14] . This is a single-surgeon laparoscopic series, and all laparoscopic operations were performed by one specialized pancreatic surgeon (TK) at the departments of surgery of the University of Luebeck (2012) (2013) (2014) (2015) 
Results
A total number of 549 patients were identified from our singlecenter prospectively maintained database, including 489 OPD and 60 LPD patients. After prospensity score matching, 60 LPD versus 60 OPD patients were analyzed. Follow-up in the OPD and LPD groups was performed from 2000 until 2015 and 2010 until 2015, respectively. Patient demographics and baseline parameters were well balanced (▶ Table 1 OPD 3 %; p = 1.000) were comparable in both groups. Reoperation rates as well as surgical site infections, PPH, and pneumonia rates were not different in both groups (▶ Table 2 ). The most frequent indication for reoperation in both groups was PPH at the pancreatic anastomosis (for details ▶ Table 3 ). A total of 56 patients were diagnosed with malignant tumors (PDAC and PAMPAC), 26 in the LPD group and 30 in the OPD group. PAMPAC and PDAC patients most commonly had T3 tumors (49 and 84 %, repsectively). For PDAC, the median number of lymph nodes resected was not different in the LPD and OPD groups (LPD 17 vs. OPD 15; p = 0.461), as well as for PAMPAC (LPD 13 vs. OPD 16; p = 0.131) (▶ Table 4 ). Two patients were initially diagnosed with benign disease, and less than 10 lymph nodes were resected. In the final histopathological diagnosis, the lesions were classified as partly malignant. The number of resected lymph nodes was at least 10 in all other patients. Sixtyseven percent of LPD PDAC patients and 69 % of OPD patients received adjuvant chemotherapy with gemcitabine. For details of the adjuvant chemotherapy in PDAC and PAMPAC patients, ▶ Table 5 . Concerning survival analysis, three LPD patients were lost to follow-up and could not be included in the analysis. PVR, sex, and R-status qualified as prognostic factors in univariate analysis Table 6 ). For malignant disease, patients undergoing LPD showed a trend of improved median overall survival (LPD 56 months vs. OPD 48 months; p = 0.056) (▶ Fig. 1 ).
Discussion
Minimal invasive techniques are being increasingly established in pancreatic surgery [1, 3, 8] . For distal pancreatectomy, laparoscopic approaches are widely in use and are gaining acceptance as an equivalent alternative procedure to standard open resections [18 -20] . LPD remains an issue of debate as the procedure is technically demanding, and is associated with a flat learning curve, even in experienced pancreatic surgeons [14, 21] . Only a few surgeons worldwide routinely perform LPD, and a main part of studies evaluating the safety and outcome of LPD are single surgeon series [8, 10] .
A growing number of studies directly comparing OPD and LPD demonstrate LPD as a feasible and safe procedure [9, 22, 23] . Mainly in terms of perioperative blood loss, the OHS and postoperative complication rates in LPD are superior to OPD [8, 9, 12, 24] . Most trials available to date evaluate TLPD or RAPD, but data comparing hybrid LPD and OPD remain rare. Only two recent meta-analyses assessing LPD versus OPD also include a small percentage of hybrid LPDs [8, 12] , and only a few large hybrid LPD series have been published so far [14, 23] . OR time: overall operation time; ICU: intensive care unit; CDC: ClavienDindo classification; DGE: delayed gastric emptying; POPF: postoperative pancreatic fistula; PPH: postpancreatectomy hemorrhage; SSI: surgical site infection; OHS: overall hospital stay.
▶ Table 3 Indications for reoperations.
LPD OPD
Reoperations total n (%) 13 (100) 12 (100) To the best of our knowledge, we present the largest matchedpair analysis comparing hybrid LPD versus OPD, assessing postoperative morbidity and mortality as well as long-term overall survival and oncologic outcome. Our study is the first to demonstrate a shorter overall operation time for LPD compared to OPD. As a potential cause, the vast majority of analyses studied TLPD and RAPD involving laparoscopic reconstruction [8, 9, 24] . Hybrid LPD may offer a faster reconstruction via minilaparotomy (5-8 cm), especially in an experienced high-volume center of pancreatic surgery. As another factor explaining shorter operation times in the LPD group, the indication for reoperation was liberally made in these patients in the presence of tumor adhesion to the mesenterico-portal vein. The rationale was to assure patient safety by not prologing the operation time due to technical difficulties. There was no difference in theT stage comparing LPD and OPD patients, and 1 : 1 matching was performed for histological diagnosis and BMI, so a bias of these parameters regarding operation time is unlikely.
Our study disclosed reduced perioperative blood loss and less clinically relevant postoperative complications such as POPF and DGE for hybrid LPD in analogy to other studies evaluating minimally invasive PD techniques, herein showing the benefits of minimally invasive resections [10, 22, 25, 26] . A recent systematic literature review compared TLPD, RAPD, and hybrid LPD showing increased blood loss and higher rates of POPF in hybrid LPD patients compared to the other LPD techniques [13] . However, only 16 % of the patients included in the analysis received hybrid LPD. These patients were derived from a very small series and the techniques of hybrid LPD are heterogeneous.
In accordance with larger LPD series and a recent meta-analysis, our study disclosed a reduction of clinically relevant DGE in LPD patients [8, 10, 27] . The functional cause, however, remains an issue of debate. As a potential mechanism, a prospective study by Marjanovic et al. found a reduction of postoperative bowel edema in patients undergoing LPD compared to OPD, reducing postoperative impaired bowel movement and peristaltic [28] .
Our study found no difference in reoperation rates for LPD and OPD patients in contrast to a recent meta-analysis [24] . A large LPD series showed varying reoperation rates of up to 29 % [9, 14, 23] . While reoperation rates in series of PD for PDAC remain as low as 10 % or less [29, 30] , reoperation rates in our study were 22 % for LPD and 20 % for OPD patients. A high percentage of patients selected for LPD presented with benign disease (57 %) and soft pancreatic texture (LPD group 72 % vs. OPD 73 %), resulting in an increased risk of postoperative morbidity [31] . The most frequent cause of reoperation in our study was intragastric bleeding at the pancreatic anastomosis (pancreatogastrostomy), which was regularly managed by reexploration at our institution.
Our study demonstrated no difference in lymph node yield, R0 resection rates and long-term overall survival in patients undergoing LPD versus OPD for malignant disease. Only two large LPD series assessed long-term overall survival rates in patients presenting with PDAC or periampullary cancers showing equivalent 5-year overall survival rates [10, 11] . Most likely as a result of pooling PDAC and periampullary cancer associated with better prognosis, overall survival rates were prolonged compared to overall survival rates reported for PDAC patients after curative resection [30] . In terms of radical oncologic resection rates, two recent meta-analyses found a higher number of lymph nodes harvested and reduced R1 resection rates in patients undergoing LPD [8, 12] . As a potential cause, patients selected for LPD mainly presented with small tumors, on average 10 mm in size, that did not infiltrate large vessels or other organs [12] . In our study, a high ▶ rate of patients diagnosed with T3 tumors (50 %) were undergoing LPD. Consequently, radical oncologic resection can also be performed safely by LPD in patients presenting with an advanced T stage.
We found a trend of improved overall survival in patients receiving LPD compared to OPD. An earlier onset of adjuvant chemotherapy and less treatment delay in LPD patients due to reduced clinically relevant postoperative complications and a shorter OHS may be a relevant effect, but could not be evaluated in this study. Croome et al. similarly demonstrated a higher rate of LPD patients receiving early adjuvant chemotherapy compared to OPD patients [10] . The authors even found a benefit in terms of progression-free survival for the LPD group. As a high rate of both LPD and OPD patients received adjuvant gemcitabine or other agents, differing rates of adjuvant chemotherapy in both groups were not a determinant of improved overall survival in the LPD group.
Conclusion
In summary, we present the largest series directly comparing hybrid LPD versus OPD. Hybrid LPD is associated with factors that are commonly encountered in laparoscopic resections as a reduction of perioperative blood loss and overall operation time, as well as clinically relevant POPF and DGE, allowing for faster recovery and a shorter OHS. The long-term oncologic outcome of hybrid LPD for malignant disease is equal to the standard open approach. As a limitation, the study was performed retrospectively. However, in the absence of randomized controlled trials on the subject of LPD, a matched-pair analysis directly comparing LPD to OPD is the most valid approach for comparison. In the future, randomized controlled trials are warranted to determine safety and longterm outcomes of LPD in both techniques -totally laparoscopic and with hybrid.
